1. Young mice were maintained on a basal diet composed of meat, which is poor in both manganese and calcium. 2. The addition of small amounts (2-5-5.Omg./kg. ofmeat) of manganese improved weight gain and calcification ofbone and decreased incorporation of injected radiocalcium into bone. 3. Prolonged treatment with larger amounts (10.0-25.Omg./kg. of meat) ofmanganese depressed growth, induced defective calcification ofbone and increased incorporation ofradiocalcium into bone.
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It is well known that dietary lack of manganese induces skeletal abnormalities, including generalized rarefaction of bone, that are preventable by appropriate manganese supplementation (Underwood, 1962) . These findings were reported in animals that had subsisted on diets containing sufficient or abundant amounts of calcium. Recently, manganese has been found to increase bone ash of mice subsisting on a diet composed of ox muscle only, which is poor in calcium as well as in manganese (Ilan, Schwartz & Guggenheim, 1961) . Young mice maintained for 6 weeks on unsupplemented meat developed a severe bone disorder. The ash content ofthe bone was markedly decreased, and osteoporosis could be demonstrated both radiologically (Ilan et al. 1961 ) and histologically (Ulmansky, 1964 ). The addition of 2-5mg. of manganese/kg. ofmeat increased bone ash from 46.9g./lOOg. of dry fat-free bone to 551g./lOOg., in spite of the fact that the diet was very poor in calcium. The effect of larger amounts of manganese is reported in the present paper. Mice were kept for various times on ox meat to which different amounts of manganese (2.5-25.Omg./kg.) were added. Their femurs were then analysed for bone ash, calcium, phosphorus and manganese. The incorporation of radioactive calcium in bone was also determined.
METHODS
Sixteen groups of 24 male Swiss mice, 3 weeks old (10-13g.), were used. Their diet consisted of raw lean ox muscle, which was offered either unsupplemented (negative' control), or supplemented with 2-5, 5.0, 10-0 or 25-0mg. of manganese (as MnSO4)/kg. or with 3-6g. of calcium (as CaCO3)/kg. ('positive' control). Femurs of mice fed on meat and given a similar supplement of calcium (3-3g./kg.) were previously found to contain a normal percentage of ash (Ilan et al. 1961 (Baron & Bell, 1959) , phosphorus (Fiske & Subbarrow, 1925) and manganese (Gates & Ellis, 1947) Table 1 presents results obtained after an experimental period of 2 weeks. The mice that were fed on a diet supplemented with calcium increased their weight more than the mice fed on the unsupplemented diet. The addition of manganese to the meat also produced an increase in weight, but this was not as great as that with calcium. The calcium supplement significantly (P < 0.01) increased bone ash and the concentrations of calcium and phosphorus in both ash and in dry fat-free bone, but decreased the incorporation of radioactive calcium in bone (P < 0-01). A similar, though smaller, effect on bone was observed when meat was supplemented with 25mg. of manganese/kg., whereas supplementation with only 10mg. of manganese/kg. had no effect. Both concentrations of manganese (10 and 25mg./kg.) increased the manganese content of ash and bone (P < 0.01). It follows that the addition of 25mg. of manganese/kg. of meat considerably improves the calcification of bone even within 2 weeks. Although no further weight increase was observed in mice maintained on the meat diet for 4 weeks, the mice whose diet was supplemented with calcium continued growing ( Table 2 ). The addition of small amounts of manganese to the meat (2.5-5O0mg./kg.) brought about some increase in weight, but larger amounts (10-0-25 0mg./kg.) had no effect. The increased bone calcification resulting from the addition of calcium to the meat, which was apparent after 2 weeks, became more evident after 4 weeks. Small additions of manganese also improved calcification, though to a smaller degree. They increased bone ash and the calcium and phosphorus contents of ash and of dry fat-free bone, and decreased the incorporation of radioactive calcium in bones and in bone calcium. Larger amounts of manganese, i.e. 10-0 and particularly 25.Omg./kg. of meat, brought amout smaller increases in bone ash and in the concentrations of calcium and phosphorus in bone and in ash. The calcium and phosphorus contents of the bones of mice that were fed on meat supplemented with 25mg. of manganese/kg. were significantly (P < 0 01) lower than those ofmice that received the 2-5 or 5.Omg./kg. supplement, and differed little from those found in animals kept on the unsupplemented meat diet. This is in contrast with the results obtained with the high concentration of manganese after 2 weeks. The bone manganese content was similar in the four groups that received manganese, irrespective of the concentration of manganese supplementation. The lowest concentration is apparently adequate for maximal storage of manganese in bone.
RESULTS
Prolonging the experimental period to 6 weeks (Table 3 ) widened the differences in weight increase and weight of femurs between mice raised on the unsupplemented meat diet and those kept on the same diet with calcium added. Small amounts of manganese (2-5-5-0mg./kg. of meat) slightly increased the amount (P0.2-0.05) and percentage (P0.02-0.05) of bone ash, and decreased the incorporation of radioactive calcium in dry fat-free bone (P < 0.01) and in bone calcium (P < 0.01). Higher concentrations of manganese (10.0-25.Omg./kg. of meat) depressed growth and decreased the bone ash and calcium and phosphorus contents of bone. At the highest concentration of manganese supplementation, the incorporation of radioactive calcium in bone calcium was increased. It therefore appears that relatively large doses of manganese are toxic when administered over a prolonged period and induce defective calcification of bone. The manganese content of bone was similar to that found after 4 weeks. DISCUSSION Our results confirm and extend previous observations (flan et al. 1961 ) that young mice kept on a meat diet develop an osteoporosis-like condition that can be prevented by the addition of calcium to the meat. In the absence of any supplement bone ash and calcium and phosphorus concentrations of bone decrease and the incorporation of radioactive calcium by bone becomes higher than when calcium is added. These changes suggest decreased calcification (Carlsson, 1951; Menezel, Schraer, Pakis, Posner & Likins, 1963) . The possibility that the addition of unlabelled calcium to meat would dilute the concentration of radioactive calcium in the serum cannot be excluded, although the serum calcium concentration was not found to be affected by the meat diet (flan et al. 1961 ). The addition, over a period of 4 weeks, of small amounts of manganese (2.5-5.Omg./kg.) to the meat diet improves calcification of bone. The possibility that these supplements of manganese affected food intake and thus calcification cannot be excluded. However, the nature of the diet used, namely raw minced meat, made an exact measurement of food consumption unreliable. After 6 weeks no clear effect on the bone composition is discernible, although the incorporation of radiocalcium is increased. The same supplementation concentration, i.e. 2.5mg./kg., was found by Ilan et al. (1961) to increase bone ash even after a 6-week observation period.
The deleterious effect exerted by a meat diet on the skeleton ofkittens (Scott, Greaves & Scott, 1961) and of rats (Moore & Sharman, 1960) has been reported. Growth of rats ceased after a few weeks, and the bones were undersized, had thin walls and a low ash content and were often fractured. The disorder could be prevented by adding adequate amounts of calcium to meat (Moore et al. 1962 ). Our results indicate that not only calcium is involved. Muscle meat is a poor source of manganese (Underwood, 1962) . Radiographic, histological and biochemical investigations have established the important role of manganese in osteogenesis (Underwood, 1962) . Dietary lack of manganese is reported to inhibit growth and to cause poor calcification of bone in mice, rats and rabbits (Shils & McCollum, 1943; Wachtel, Elvehjem & Hart, 1943; Smith & Ellis, 1947) . Skeletal maturation of the young is retarded (Frost, Asling & Nelson, 1959) , and the density, breaking strength and ash content of bones is decreased. Microscopically, extensive deviations from normal were found that were interpreted as suppressed osteogenesis rather than as accelerated bone resorption (Smith, Medlicott & Ellis, 1944) .
As mentioned above, these findings were reported inanimalsthathadsubsistedonmanganese-deficient diets containing adequate amounts of calcium. The fact that meat is deficient in manganese as well as in calcium renders it particularly suitable for studying the effect of manganese on bone calcification and calcium metabolism without interference by calcium. In mice maintained on meat small amounts of manganese play an important role in calcification, whereas larger doses lead apparently to defective calcification of newly formed bone.
The larger doses are, however, much smaller than those reported to be toxic for guinea pigs (500mg./kg of food), rats (over 2000mg./kg.) and chicks (4800mg./kg.) (Underwood, 1962) . It is possible that the increased sensitivity of our animals results from the low calcium content of their diet, and that no adverse effects on bone would have been observed if the diet had provided adequate amounts of calcium.
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